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OBSERVATIONS and EXPERIMENTS undertaken with a view 
to determine the QUANTITY of SULPHUR contained in SUL- 
PHURIC ACID; and of thii LATTER contained in SUL- 
PHATES in general, Sy RICHARD CHENEVIX, F. R. S. 
and M. R. I. A, 



IN a paper which I had the honour to prefent to the Royal 
Society of London, and the fubje£l of which was the analyfis 
of fome arfeniates of copper, and of iron, I had occafion, in ex- 
amining many pyrites, matrices of thofe ores, to remark the very 
great inequality which prevailed in the refults of repeated ex- 
periments, made with a view to determine the proportion of 
fulphur. But I fbon perceived, that the inaccuracy was caufed by 
a partial combuflion and acidification of the radical, through the 
means of the nitric acid, employed to diflblve the ore. 

Having therefore, in the ufual manner, afcertained what 
quantity of that ingredient remained untouched, I was forced 
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to feek the reft of it in the liquor, which had wallied the va- 
rious precipitates. To obtain it, I poured a folution of nitrate 
of Barytes into thofe wafhings, when all the other fubftances 
had been carefully feparated^ and jvas thereby enabled to pre- 
cipitate, in a ftate of purity, the iulphate of Barytes, formed 
by that earth, and by the portion of fulphur originally acidified, 
in the firft treatment of the ore by nitric acid. To ;Come at the 
knowledge of the proportion of fulphur, contained in a given 
quantity of fulphate of Barytes, I had recourfe, in the firft in- 
ftance, to the quantity of fulphur, faid by Lavoifier to be con- 
tained in fulphuric acid, and, in the next, to the proportions 
of the latter, announced in the fynoptic tables of Fourcroy, 
as entering, into the compofition of fulphate of Barytes. Ac- 
cording to the former of, thofe chymifts, loo parts, of fulphuric 
acid contain 71 of fulphur and 29 of oxygen ; and again, in 
adopting the proportions of the latter, we have 33 per cpnt. 
of acid, on fulphate of Barytes. But if ico contain 71 of 
fulphur 33 muft contain 23.43. Confequently, for every^iQo. 
parts of fulphate of Barytes, I was to allov^ i?3.43 of. fulphur. 
But, by the refults of my analyfes, I had fuch quantities of 
fulphate of Barytes, as induced me to doubt the accuracy of 
one or other of the ftatements, by which I eftimated the quan- 
tity of real fulphur contained in the orCt 
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No pcrfon n better acquainted than our celebrated Prcfidcnt, 
with the many diiTiCuItics that occur in the analylis of falts 
in general ; particularly with regard to the quantity of real acid 
they may contain. It has been a work of trouble to the ableft 
chvmifts, and they hive not always agreed in their refults. 
The proportions, announced by Fourcroy, may therefore be 
doubted, in common with thofe of the other learned operators, 
to whom I have alluded. 

The real quantity of acid, produced by the comhuftion of 
any acidifiable bafis, can be determined by one or other of the 
following methods only : by direcS combination, in fome fait, 
the proportions of which are already known ; or by obtaining, 
in a ftate perfectly free from water, the acid refulting from fuch 
combuftion. To the former method, the general objedions 
againft all analyfes of falts muft apply. The latter is flill 
more defedive. It is by no means certain, that we have 
ever yet obtained any acid, in a ftate of perfed ficcity, unlefs 
we except the phofphoric and the arfenic ; for even the cryftal- 
lized vegetable acids retain a portion of water in their cryflal- 
lization. It is not that I abfolutely deny our having obtained 
them fo; but I fay merely, that we have no proof. It would 
indeed be fetting narrow bounds to the perfedion of nature, 
to alTert, that no combuftible body could, when faturated with 
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oxygen, affume, of itfelf, the ftate of liquidity; or that the 
oxide of the particular fubftance, called hydrogen, muft be pre- 
fent to confer that property. Doubtlefs, fulphuric acid may, 
as well as water, contain, in itfelf, fo juft a proportion of 
fpecific heat, as to remain liquid at the temperature of our 
globe, and under the preffure of our atmofphere. But, both 
water and fulphuric acid being eafily volatilized, and having a 
powerful affinity for each other, it is not eafy, if even poffible, 
by dillillatjon, to feparate them with fufEcient accuracy, in 
experiments of delicate inquiry. A fecond fource of error, 
therefore, remained open in this branch of the calculation, 
which gave the proportion of 23.43 of fulphur, as that con- 
tained in 100 parts of fulphate of Barytes. 

However, before I would allow myfelf to call in queftion 
fuch authorities as thofe I have quoted, I inftituted the fol- 
lowing experiments: In a tubulated glafs retort, I put 100 parts 
of purified fulphur, and poured upon them flrong nitric acid. 
A quilled receiver, plunging into a Woulfe*s apparatus, was 
adapted to the retort ; and, all being well luted, I proceeded to 
diftil. The liquor, which came over, was poured back feveral 
times upon the fulphur, until the whole was diffolvcd. The 
water, which had come over, and that, through which the ni- 
trous gas, produced during the operation, had paffed, were 
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♦flayed for fu'ipfe«««ous acid, and n& traces of it could be fouBd- 
No fuiphur had been' voht'ilhed-; ih&tefore no fufpicion eould 
remain, th*t all was not coave*ted into fulphuric acid. The 
liqjiaors, whkh were ia the various parts of the apparatus, were 
Bnited ; and to them was added a fufeient quantity of nitrate 
of Barytes. The whole was evaporated gently ^ becaufe, though 
I am well acquainted with the very little folubility of fulphate 
of Barytes^ I well know that nitric acid will retain a fmall 
portion of it, particularly when formed in a liquor where that 
acid abounds. In a firft experiment, I obtained 694 from 100 
of fulphu*» in a feeond,^ 34.8 .from 5a, and in^ a third, 347 
from the fame quantity.. But the fimple rule of three reduced 
thefe qqantkies to 14.6, or 14.^4 per cent, of fulphut, contained 
in fulphate of Barytes ^ a difference wholly to be negleded. If, 
therefore we take 14*5 as the average, for the quantity of 
llilphur contained in ioq parts of fulphate of Barytes, we fhall 
not be far from the truth. From the accordance of thefe ex- 
periments,, repeated and varied, I had now no doubt, but con- 
cerning the fource where I was to feek the error, which 
g^e 23.43 as the jiift proportion. 

Toafcertain this point, I operated in the following manner; 

I prepared fome lime, as pure, I believe, as chymical means 

can procure it. I digefted white marble in muriatic acid ; and. 
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by leaving an cxccfs of the earth, was certain, that by the 
fuperior affinity of lime for that acid, nothing elfe had been 
taken up. Upon trying the folntion with ammonia, no pre- 
cipitate took place. By means of carbonate of potafti, I fepa- 
ratcd the lime in the ftate of carbonate j and, after well wafh- 
ing the precipitate, cxpofed it in a platina-crucible to a vio- 
lent heat, till the weight no longer diminiihed. I am ac- 
quainted with no more efficacious method to prepare lime, fit 
for the delicate purpofes of fcientific chymiftry. 

One hundred parts of this lime were diffolved in dilute 
muriatic acid, in the fame platina-crucible, prcvioufly weighed ; 
and then fulphuric acid was added in fufficient quantity. Sul- 
phate of lime was precipitated ; and the veflel was expofed to 
a heat, at firft gentle, to evaporate the liquor; and then, by 
degrees, raifed to a temperature, whicji could expel every thing 
but the combined fulphuric acid, and leave the fulphate of lime 
completely calcined. The crucible with the- fait was then weighed 
and the augmentation was 76. — It appears to me, that, if we 
admit (and I fee no reafon that we (hould not admit it) that 
calcined lime and calcined fulphate of lime are wholly exempt 
from water, it muft be clear, that the 76 additional weight 
■were fulphuric acid; and, that the fulphuric acid muft in this 
ftfite, more than in any other, approach nearer lo what may be 
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termed, abfolutcly real acid. One hundred parts of calcined 
fulphate of lime contain therefore 

Lime - . - jy^ 

Sulphuric acid - - - 43. 

I DO 

By the former experime;nts (thofe made upon fulphur con* 
verted into acid, and then united to Barytes) we had the quan- 
tity of fulphur, contained in fulphate of Barytes. By the latter 
(thofe made by dirc£tly combining lime with fulphuric acid) 
we had the proportion of real acid, contained iu calcined ful- 
phate of lime. Confequently, by knowing, the ratio, tliat' ful- 
phate of Barytes bears to fulphate of lime, w^ith regard to the 
acid in each, we (hall arrive at the knowledge of the quantity 
of fulphur, contained in real fulphuric acid. For this purpofe, 
I. attempted to diffolve, in -water, 100 parts of fulphate of lime. 
But finding, in this method of proceeding, a confiderable incon- 
venience arising from the great quantity of liquor, neceflary to 
efFed the folution of that, fait, I had recourfe to the following 
expedient. Upon 100 grains of calcined fulphate of lime, I 
ppVired fome oxalic acid, which attrads the bafis with an affi- 
nity fuperior to that cxercifed by fulphuric acid. Oxalate of 
lime was here formed j but oxalate of lime is foluble in a very 
fmall excefs of any acid. A little muriatic acid operated a com- 
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plete folution; and thu$ a great qvumtity of fulpliate of liflafe 
i-equired but little water to diflblve it. fcto this liqucw, mu- 
riate of Barytes was poured, and fuffered to remain feme time, 
gently heated. By tbefe means, any oxalate of Barytes, that might 
have been fi>rmcd, was retained in folution, by the original ex- 
cefs of acid ^ and the entire quantity of fulphate of Barytes was 
depofited. Of the exadnefs of all thefe methods, which I ufed, 
as the inftruments by which I afcertained thefe rcfults, I con- 
vinced myfelf by various preliminary experiments. After the 
ufiial filtration, wafhing and drying at the gentle heat of a 
fand-bath, 1 obtained in one experiment 185, in another 183, 
and, laftiy, in another 1 80. This difference does not exceed the 
limits of what all perfbns, converfant in analytic chymiftry, 
will allow to experiments of this nature. We may therefore 
take 183 as the mean proportion; confequently, we (hall fay, 
that 183 of fulphate of Barytes contain the fame quantity of ful- 
phuric acid, as 100 of flilphate of lime -, and 183 : 43 :: 100 : 23.5, 
Therefore 23 5 is the proportion of acid in 100 of fulphate of 
Barytes. But we have before feen, that 14.5 of fulphur, aci- 
dified by nitric acid, form that portion of fulphuric acid con- 
tained in 100 of fulphate of Barytes: viz. 23.5. We muft 
now fay, that 23.5 : 14.5 ::- 100: 61.5, and the fourth term will 
be the proportion of fulphur ss 61.5, which combined with 38.5 
of oxygen will form 100 of real fuJ|^hviric *e»d. 
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Im neither of the proportions, whether it be dF the add cdn- 
tained in the fait, or of the combuftible bafis contained in the 
acid, do I agree with the two chymifts whom I have quoted. 
This juftly excited fome doubts in my mind, and led me to re- 
peat my experiments. Nor fhould I yet be thoroughly fatisfied, 
if I could not, upon other grounds, than by fuppofing inaccuracy 
in them, account for the apparent differences. We muft ever 
cxped to fee the errors of our predeceffors correded by men, 
much inferior in abilities; but who, by polTefling more certain 
means, fupply the want of genius and invention. At the time 
in which the experiments were madr, that determined the pro- 
portion of 33 per cent, of fulphuric acid in fulphate of Barytes, 
it was not known that we had never obtained any Barytes pure ^ 
and that a confiderable portion of carbonic acid refifted the adion 
of every degree of heat that had been applied to carbonate of 
Barytes. The fad was, I believe, firft obferved by Peiletier j but 
the method of avoiding the inconvenience was pointed out by 
Vauquelin. He decompofes nitrate of Barytes by lime, and a 
moderate -degree of heat is fufficient to expel all the acid and 
the water. The chymifts, I have mentioned, performed fynthetic 
experiments, by combining, diredly or indireQly, fulphuric acid, 
and fuch Barytes as they imagined to be pure. The conflant 
fimilarity of their refults is fufficient to prove the accuracy of 
their operations ; but working upon an impure fubftkncc, they 
muft have been contented with a fimilarity of error* 
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Three caufes may exift which are capable of accounting 
for any variation, whether in plus or in minus^ that might have 
appeared in the experiments, by which Lavoifier determined 
the quantity of fulphuric acid, obtained by the combufticn of 
fulphur in oxygen gas. 

ift. A part of the fulphur may be volatilized during com- 
buftion. 

2d. All the Sulphur may not be converted into fulphuric 
acid ; but part may remain in the ftate of fulphureous acid. 

3d. In reflifying, fome acid may come over along with the 
water ; or, vice ver/d, fome water remain with the acid. Thefe 
confiderations will excufe me for having propofed a doubt, 
where the authority of fo great a man. exifis againft the ex* 
periments which I have related. 

The method which I had ufed to afcertaih the quantity of 
fulphur in an ore, had been pradifed by Taffaert, (Annales de 
Chimie, No. 82 : Analyfis of Cobelt from Tunaberg) but he 
calculated according to the proportions of Lavoilier and of 
Fourcroy, In an6ther paper by Thenard, (Annales de Chimie, 
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No. 9'6.) he ftates the proportions of fulphuric acid, obtained by 
treating fulphur with nitric acid, to be 

Sulphur - - 55'56 

Oxygen - - 44-44 

lOO.OO 

but in the extrafifc given by Guy ton in that No. of the Annales 
de Chimie, the mode of operation is not defcribed. Calcined 
fuiphate of' Barytes is eftimated in the fame paper to contain 

Barytcs • - 74.82 

Sulphuric acid - - 25.18 

100.00 

which proportions are as near to what I had found as can be 
€Xpeded ; for fuiphate of Barytes does not contain more than 
3 per cent, of water of cryftaUization, and they muft be de- 
du<^ed from the quintal. 

Having determined with accuracy the proportion of acid in 
any infoluble fuiphate, it is eafy to proced to the determina- 
tion of that contained in any other fuiphate. The docimaftic 
art or analytic chymiftry, in general, cannot however expcdl to 
derive fuch advantages from the knowledge of foluble falls, as 
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of thoi!e> whicb^ from tlkcir ioi^^nbility, may b# vtfei wifb aG> 
curacy in delicate experunents to determine tfhe proportioafl of 
the conflituent parts of bodies. But if, with this mode of 
operating, we compare the quantities of real acid, faid (in thofe 
excellent tables with which Mr. Kirwan has enriched the fci- 
cncc) to be oonlftNied in fulphuric acid of different fpecific 
gravities, they will ferve as proofs of their mutual validity; 
and perhaps demonflrate, that fulphuric acid, as well aa water, 
and fome other bodies, may of itfelf enjpy liquidity, at the tem" 
perature and prefTure which aQ upon oar globe. 



